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Figure S1. pXRD patterns of ChemGR before and after washing and BioGR befbatan
pasteurizationgb °C for 1 h and washing.
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Figure S3. The effects of carbonate concentration (a) and time (b) on U extraction efficiency.

N
o
o

~
4]

50

251

(a) /
4 —8— ChemGR
—A— BioGR
0.0 0.5 1.0 15 20

carbonate conc. (M)

extraction efficiency (%)

1001 (b) __—& ——
1

90

80

70

60 —e— ChemGR
—a— BioGR

50

40

30 ; : ; ; :

0 12 24 36 48 80 72

time (hour)

S3



XAFS Data Collection and Analysis

U Ly edge (17,166 eV) -ray absorption spectroscopy measurements were carried out at the
MRCAT/EnviroCAT insertion device beamline (SectorlD) Advanced Photon SourckJluorescence
mode x-ray absorption near edge spectra (XANES) and extended x-ray absamptiiruiiture (EXAFS)
spectra were collected using anffled ionization chamber. Solution samples were load&rimm-thick
sample holders sealed withray transparent Kapton windows. The reactor solids from the GR systems
were collected by filtration through a224um filter membrane inside an anoxic glovebox (Coy
technologies, 5%1,/95% N, Pd catalystO; in the gas environment <1 ppm at all times). The hgdra
solids werecovered with Kapton filmthen sealed withirtwo pieces of Kapton tapéor the xray
measurement. All samples were transported #fré® containers to the beamline nearby. Spectra were
collected at room temperature inside apNrged samg cell. Radiatiorinduced changes in U speciation
were not observed in quick XANES scans (<30 sec each) on a fresh area ofles shim differences
were observed between spectra collected from several different areas on tlee Bhenpfore all scans
were combined to produce the final spectrum from each sample. Standaddéuhe analysis were
collected at the same beamline during previous bbeas1 Beamline energy calibration was maintained by
measurements of spectra from a stable reference @msminoranyl phosphate) simultaneously with the

collection of data from the experimental samples.

Analysis of the experimental spectra involved comparisons to stenddenthe dataverenumerically
modelledto extract the structural parameteénsit describe the average atomic coordination around U.
Valence state references included a sampleVbfatlsorbed to goethit@ nanoparticulate uraninite™U
standard that was synthesized and characterized in previous avatla Y -carbonate compleXhe UV-
carbonate complex spectrum used to represent the complex in the LCF analysi$ e#ained from a
U"V-carbonate reference compound, but from splidse Y produced by the reduction of'Uby either
bacteria or abiotically by 9,3@nthrahydroquinone-2 @isulfonate (AHDS) in 30 mM bicarbonate media

Normalization and background removal of the aegedone using the program AUTOBKI he numerical
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analysis of the spectra are based on the crystal structuraniriite® The code FEFF8vas used to generate
the singlescattering contributions in the EXAFS for the O and U coordination shells in deanini
Refinement of the numerical parameters against the experimental data neas d®space using th

program FEFFIT

The EXAFS data obtained from the BioGR system were best fit with a@lmodsisting of an O, Fe, and
O shell. The data were Fourier traorshed at k k%, and R weights (FT[x(k)*k") and the three functions
were fit simultaneously in Rpace with the same fitting parameters. The purpose of multipkeidght
fitting is to provide additional contrast between light (e.g. O, C) aadyh.g.Fe) element contributions
in the spectra, as the two generally have different amplitude dependenci@scvatising kvalues. By
emphasizing the loweor higherk part of the spectrum usin§-weighting, the relative proportion of light
and heavy elemerbntributions in the FT spectrum is changed (see orange and cyan lingsrz 3.0),

so if a heavy element contribution is fit with a light element shelethvdt be a misfit. The best fit for our
data at all kweights was obtained with a model cotieg of an O, Fe, and O shell, as shown in Figu@ S
and Table S2. The inclusion of the outer O shell in the EXAFS model was warracaedda fit without
this shell resulted in a 5.7 fold increase of the redyéedlue of the fit (Table S2). It is psible that the
signal fit by this shell is resulting from O atoms from farther binditeg ©n the surface of GR. However,
fits of outershell EXAFS data are, in general, uncertain due to the potential contribafiomslitiple-
scattering effects and/an increased number of overlapping signals from several coordinating shieds as
radial distance from the studied atom is increased. The data here do natifiéicentiation between these
signals, so we are modelling their aggregate contribution iexperimental spectrum as a single O shell
with a resulting large coordination number and large disordeebyeWaller factor). The main purpose
of the fit in Figure $0is to determine the contribution of the closer Fe shell (at ~3 A), thensesk
which is interpreteds an indication of the'Uadsorption complex at the GR surface. Thus, determining
the exact origin of the signals modelled here by thed®rdination shell is not critical, but the presence of
this signal in the fit is needed to produce a “background” or “overlap” contributiothdofit of the

S5



neighboring shells. As can be seen from Table S2, the fit parameters for thel Beeshet gnificantly

affected by the presence or absence of the outer O shell.
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Figure $4. Comparisons of th&XANES data fromthe carbonate extraction supernata(®hl) of the
ChemGR and BioGR systems to the data from a 100 uM Uv'-carbonate soluth standard and a
nanoparticulate uraninite standard. The data overlay thstahdard, indicatinthat UY' predominatesn
theextractsolution.
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Figure S5. (a) k*-weightedy(k) EXAFS dataand p) Fourier transformed&XAFS data for ChemGR in
DI-water system after 1 h28, and 16 gplotted with nanoparticulatganinite and Y -carbonate standards.
Thevertical dashed line indicates theak in the FT EXAFS data resulting from tdantribution of the U
shell in uraninite The Fourier transfornis within the data range k2.2-10.4 A! using 10-A>-wide
Hanning windowsills
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Figure S6. Real part othe Fourier transformeflXAFS datafor ChemGRin the SGW system after 1 h,
32 h and 32d plotted with ranoparticulate uraninite andVttarbonate standardghe vertical lines are
guides tathe eye fothe positions of the different features. Thediae1.8A and 2.1A correspond to the
contribution of the O shelllhe line at 3.7 A corresponds to the contribution of the U shefianinite The
features at these positions show similarity of tHe sample to the WU-carbonate standard, whereas the
32-d sample is more similar to uraninite.
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Figure S7. Real part of the Fourier transformeX AFS datafor theChemGRsystemin the Diwater after
1 h,32 h,and 16 d¢plotted with nanoparticulate uraninite antf\darbonate standardghe vertical lines
are guides tthe eye fotthe positions of the different featur@he lines at BA and 2.1 A correspond to
the contribution of the O shell, whereas the line at 3.7 A corresporills tontribution of the U shell in
uraninite. The features at these positions show similarity of-theample to the Y-carbonate standard,
whereas the 3@ sample is more similar to uraitee.
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Figure S8. (a) Comparisons between tReurier transformed EXAFS data from #hel ChemGR reactor
with DI water in the study of Latta et &{symbols)to the nanoparticulate uranieistandard (black) and
the carbonateomplexed Y spectrum (grey), both frofdoyanovet al® The Fourier transfornis between

k =2.2-10.4 A, Thevertical dashed line highlights tiegion where the U shell in uraninite contributes.
Right: Linear combination fibetweerk = 2.2-10.4 A of the Iy(k) data in Latta et af with thestandards
described above. The refined spectral proportions areriz8féparticulate uraninite and 42% carbonate

complexed V.

4
a —— BioGR-SGW 32d b _
—— BioGR-np-SGW 32d 2 BioGR-SGW 32d
BioGR-np-DI 16d ] — BioGR-np-SGW 32d
BioGR-np-DI 16d
v
| ﬂ 3
% =
) | 21
g =
04
= )
= %D 1-
=
.24
Y T T T T T T T T 0 - T - T
0 2 4 6 8 10 0 2 4 6
k(A Radial Distance (A)

Figure S9. U L edge(a) k3-weighted y(k) EXAFS dataand (b) FouriertransformedEXAFS data for
BioGRin the Diwaterand SGW system®p means the nepasteurizedamples)
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Figure S10. Best fit(line) of theBioGR EXAFS data(symbols)with a model consisting of an O, Fe,
and O shell, as discussed in the text. The EXAFS datatfreBioGRsample are Fourigransformed at
k!, k2, and R weight (FT[y(k)*k") and the three functions are fit simultaneously isfRce with the same

fitting parameters shown in Tab2. The scaling factors shown to the right of each graph are applied to
both data and fit for better presentation of the three sets on the sgyheTne scaled individual

contributions of each shell are illustrated below in colored lioethe correspondink-weight of the FT
(note that the individual contributions combine linearly only mrdal part of the FT to produce the fit
line, not in the magnitude). Theurier transforms are between k= 2.20.4 AL fits are between R¢=

1.5-4.0A
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Figure S11. Comparisos between the BioGR data in this stlipe)to that in the carbonate BioGR
reactor ofO’Loughlin et af. (red), showing the same EXAFS data within measurement uncertahmy.
data are compared tiee nanoparticulate uraninite standard (bjackft: k®(k) data. Right: Fourier

transformbetween k= 2.2-0.4 A using 1.0 A' Hanning windowsills.

Table S1. The relative fraction of U species as calculated by linear combination fitting of fveskghted
(k) data using nanoparticulate uraninite and U'"-carbonate standards

Sample IDUY Species U"v-Carbonate Uraninite
ChemGR irSGW
ChemGRSGW1 h 92% 8%
ChemGRSGW32h 75% 25%
ChemGRSGW32d 23% 7%
ChenGR in DFwater
ChemGRDI 1 h 76% 24%
ChemGRDI 32h 67% 33%
ChemGRDI 16d 25% 75%
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Table S2. The best fit values for EXAFS modeling ofepresentativ8ioGR sample

Path CN Distance (A) 6%2(A9)*10°  EyeV) DF 12 R-factor
Fit with the outer O shell 55 234 0.016
@) 5.2+0.4 235+0.01 121+19 -15+0.7
Fe 20+0.7 3.49+0.02 15.0° -1.5+0.7
(@) 10,0+3.3 4.16+0.02 16.7+7.9 -15+0.7
Fit without the outer O shell 8.5 1335 0.072
@) 52+11 237+0.02 124+44 -04+17
Fe 27+15 354+0.05 15.0° -04 1.7

#The o2 value of the Fe shell was constrained to the same value as in Laitate minimize large
correlations betwees? and coordination number for this shell and fowlcomparisons between the two
studies. DF=degrees of freedom in theyfit;is the reduced ckiquare of the fit; Ractor is the fractional
misfit relative to the amplitude of the data. More details on theswlfdators can be found in the FEFFIT
documentation.
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